In our continuous search for α-glucosidase inhibitors, three active pentacyclic triterpenes were isolated from stem bark samples of the Panamanian mangrove Pelliciera rhizophorae Triana & Planchon. These compounds were identified by both spectroscopic and spectrometric analysis. Of the isolated compounds, only betulinic acid has been previously isolated from P. rhizophorae leaves while both betulin (IC 50 2.09 µM) and lupeol (IC 50 0.58 µM) were isolated from this plant for the first time. All three pentacyclic triterpenes inhibited the α-glucosidase enzyme in a concentration-dependent manner, and their inhibitory activity was higher than that of the antidiabetic drug acarbose (IC 50 241.6 µM). Kinetic analysis established that betulin and lupeol acted as competitive inhibitors. Finally, docking analysis suggested that all three triterpenes bind at the same site as acarbose does in the human intestinal α-glucosidase (PDB: 3TOP). This work contributes further evidence similar to previous studies that point out that the aerial parts of P. rhizophorae might be potential agents in controlling hyperglycemia in diabetic persons.
Mangroves are a group of plants with unique biological characteristics and are only found in the intertidal zones of tropical and subtropical countries. Mangroves constitute less than one percent of the total tropical forests around the world, and they are considered among the most vulnerable ecosystems on the planet [1] . In some countries, especially in those with a strong medicinal plant tradition, mangroves are commonly used for the treatment of some diseases [1] [2] .
In Panama, more than 40% of the mangrove areas have been lost. In recent years the situation has been further aggravated due to human pressures related to changes in land use for animal husbandry, industrial activities, and tourism [3] [4] . To address this worrying situation, a local multidisciplinary group of researchers has made several efforts both to generate information that enhances the value of this ecosystem and to ask public authorities for better policies that would allow efficient conservation of mangrove forests. Our lab group decided to establish a research line aimed at the systematic biological evaluation of mangrove leaf extracts to find potential biomedical applications for the country's vast and diverse mangrove plants [2] .
During our investigations, we detected that the extract from leaves belonging to Pelliciera rhizophorae Triana & Planchon (Tetrameristaceae) showed high inhibition of the glucosidase enzyme (20.60 ± 0.70 g/mL). We isolated and identified five pentacyclic triterpenes as the compounds responsible for the potent glucosidase enzyme inhibition [5] .
Since the bark is commonly used in traditional medicine, this research aimed to investigate whether the stem bark of P. rhizophorae contains the bioactive metabolites that were previously found in the leaves. As is well known, natural compounds can be produced in all plant organs, but in many cases, certain metabolites are only stored in specific organs or cells [6] . Following this line of thinking, there is the possibility that the chemical composition of the major bioactive compounds may be different in both organs (leaves and stem bark) of P. rhizophorae, and this fact could be vital in the conservation policies for this plant.
To test this idea stem bark of P. rhizophorae was macerated first with hexane and then with ethyl acetate since both solvents have an affinity with the polarity of the pentacyclic triterpenes that we expected to find. Chemical-guided fractionation of the hexane and ethyl acetate fractions allowed the isolation of betulinic acid (1), betulin (2), lupeol (3) and βsitosterol (4) as these compounds exhibit positive reaction against the Lieberman-Burchard reagent. All compounds were identified by spectroscopic analyses including ESI-HR-MS and NMR ( 1 H, 13 C, DEPT 135, DEPT 90, COSY, NOESY, HMBC, and HMQC) and they were compared to previously reported data [7a-c] . Of the four isolated compounds (Figure 1 ), only betulinic acid (1) had been isolated before from the leaves of P. rhizophorae. We proceeded to evaluate the effect of betulin, lupeol, and -sitosterol against the activity of the enzyme -glucosidase. Results demonstrated that compounds 2 and 3 have high -glucosidase inhibitory activity ( Cherigo & Martínez-Luis isolated from the leaves and much higher than acarbose (positive control), while sitosterol (4) was inactive. To obtain further evidence of the nature of the interaction of betulin (2) and lupeol (3) with α-glucosidase, we carried out kinetic analyses. Lineweaver-Burk plots were constructed using different concentrations of substrate and compounds 2-3. The results in Figure 2 indicate that compounds 2 and 3 showed typical reversible competitive plots, with a series of lines having the same y-intercept as the enzyme without inhibitors. These results also suggest that compounds 2-3 bind to αglucosidase or the substrate-enzyme complex. Acarbose also behaved as a competitive inhibitor [3] . These results show that similar to compounds previously obtained from the P. rhizophorae leaves, both of the pentacyclic triterpenes we tested were potent competitive inhibitors of the αglucosidase enzyme.
Molecular docking studies were conducted to understand the putative binding mode of betulin and lupeol into the human intestinal α-glucosidase (PDB: 3TOP). Based on a previous kinetic analysis, we had already determined that both compounds should interact with the α-glucosidase active site. Therefore, the analyzes we carried out were restricted to this site. Compounds 2 and 3 fit very well into the glucosidase active site and even better than acarbose. The latter must be a simple explanation for why pentacyclic triterpenes showed a better inhibitory activity than acarbose. Figure 3 indicates that both triterpenes bind to -glucosidase through hydrophobic interactions while acarbose mainly interacts through hydrogen bonding. This finding explains why although betulin and lupeol have opposite polarity characteristics than acarbose, both types of compounds bind to the same active site. The results of the docking study between glucosidase and lupeol (most active compound) reveal that hydrogen bonding interactions (absent in this case) are not relevant for biological activity. This was confirmed with results between this enzyme and betulin, where three interactions of this type were observed. Our findings suggest that the pentacyclic triterpenes present a specific three-dimensional arrangement which creates several steric interactions that prevent the activation of the enzyme by its substrate.
In conclusion, betulinic acid (1), betulin (2), lupeol (3) and sitosterol (4) were isolated by chemical-guided fractionation as the major constituents of the stem bark of P. rhizophorae. All pentacyclic triterpenes inhibited the αglucosidase enzyme in a concentration-dependent manner and showed higher activity than acarbose. Through kinetic analysis, we established that betulin and lupeol acted as competitive inhibitors. Docking analysis suggested that all triterpenes bind at the same site that acarbose does in the human intestinal αglucosidase (PDB: 3TOP). Comparison of the major bioactive compounds found in the leaves (five) versus those found in stem bark (three) suggests that the leaves contain a higher amount of pentacyclic triterpenes than stem bark. On the other hand, four compounds presented an IC 50 lower than 2 M in the leaves whereas only one in the stem bark, which indicates that leaves possess more potent compounds. This finding could have relevance in the conservation of P. rhizophorae (threatened mangrove specie), allowing us the promotion of the selective use of leaves in traditional medicine. Thus, the extraction of stem bark could be prevented, avoiding the death of the plant. 
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Experimental
General Experimental Procedures: NMR spectra were acquired on Jeol Eclipse 400 MHz spectrometer (referenced to  H 7.26,  C 77.0 for CDCl 3 ). APCIHR-MS were acquired on a JEOL LC-mate mass spectrometer. The purification of the compounds was carried out on Agilent 1100 HPLC system equipped with a quaternary pump, a diode array detector, and a normal phase silica gel column (Phenomenex Luna, 4.6 mm × 100 mm, 5 μm) at a flow rate of 1 mL/min. Column chromatography was used with silica gel 60 (70-230 mesh, Merck). TLC (analytical) was performed on precoated silica gel 60 F254 plates (Merck). All solvents were HPLC grade and used without further purification.
Plant material and extract preparation: Pelliciera rhizophorae
Planch & Triana (Tetrameristacea) stem bark was collected in Punta Chame, Panama, in May 2012. Jorge Lezcano identified this plant, and it was deposited to the Herbarium at the University of Panama (voucher specimen 105833). It is important to note that the sample collected belongs to one of the same trees to which chemical study of the leaves was made [5] . Stem bark was dried and crushed to obtain 153 g of coarse powder. The organic extract was prepared by maceration using a gradient of polarity with Hexanes and Ethyl acetate, which was concentrated to obtain 3.0 g of Hexanes fraction and 4.0 g of Ethyl Acetate fraction.
Chemical studies: The hexane-extract was fractionated by column chromatography on silica gel (100 g). The column was eluted with hexane, followed by a gradient of Hexane:CHCl 3 (1:0→0:1) and finally with a gradient of CHCl 3 :MeOH (1:0→1:1). Altogether, 153 fractions (100 ml each) were collected and combined according to their TLC profiles to yield 23 primary fractions (FH-I to FH-XXIII).
The presence of the bioactive triterpenes in the obtained fractions was monitored by TLC and the treatment of the aluminum plates with the Lieberman-Burchard reagent. Fraction FH-XI (0.77 g) was further subjected to silica gel column chromatography and eluted with a gradient of Hexane:CHCl 3 (1:0→0:1). This process led to 7 secondary fractions (FH-XI-A to FH-XI-H). Fraction FH-XI-E eluted with Hexane:CHCl 3 (7:3) was purified by normal phase HPLC (Sphereclone silica 250 x 10 mm column, isocratic elution of 90% hexanes:10% EtOAc, UV detector at 254 nm, flow of 1 mL/min) to afford 11 mg of Betulinic acid (1) and 4 mg of Betulin (2)). Fraction FH-XIII eluted with Hexane:CHCl 3 (3:7) was purified by normal phase HPLC (Sphereclone silica 250 x 10 mm column, isocratic elution of 85% hexanes:15% EtOAc, UV detector at 254 nm, flow of 1 mL/min) yielded 8 mg of Lupeol (3).
Ethyl acetate extract was fractionated by column chromatography on silica gel (100 g). The column was eluted with hexane, followed by a gradient of Hexane:CHCl 3 (1:0→0:1) and finally with a gradient of CHCl 3 :MeOH (1:0→1:1). This process led to sixteen secondary fractions (FA-I to FA-XVI). Again, the selection of the study fractions was carried out utilizing a positive color reaction with the Lieberman-Burchard reagent. Fraction FA-III eluted with hexane: EtOAc (1:1) was purified by normal phase HPLC (Sphereclone silica 250 x 10 mm column, isocratic elution of 25% hexanes:75% EtOAc, UV detector at 254 nm, flow of 1 mL/min) resulted in 9 mg of -sitosterol (4)).
Alpha-glucosidase inhibitory assay:
The -glucosidase inhibitory assay was performed according to the protocol established in our laboratory [2, 5] . glucosidase from baker's yeast was purchased from Sigma Chemical Co. The activity of samples was calculated as a percentage in comparison to a control according to the following equation:
The concentration required to inhibit the activity of the enzyme by 50% (IC 50 ) was calculated by regression analysis [8] .
Kinetics of glucosidase inhibition: Fixed amounts of -glucosidase were incubated with increasing concentrations of PNPG at 37C for 15 min, in the absence or presence of inhibitors (concentration equivalent to their IC 50 ). Reactions were terminated, and absorption was measured and analyzed by Lineweaver-Burk plot. All the determinations were performed in triplicate.
Statistical analysis:
The data were expressed as the mean ± SD of three replicates. The analysis was performed using Excel 2013.
One-way analysis of variance (ANOVA) and Tukey posttest were used to evaluate the possible differences among the means. p values ≤ 0.05 were considered as significant differences.
Docking Study: Ligands were constructed in Spartan'10 [9] , and their geometry was optimized using MMFF force field. A proteinligand docking study was carried out based on the crystal structures for C-terminal domain of human intestinal α-glucosidase (PDB: 3TOP) [10] , which was retrieved from the Protein Data Bank [11] . Before docking, all of the solvent molecules and the co-crystallized ligand were removed. Molecular docking calculations were performed using Molegro Virtual Docker v. 6.0.1 [12] . A sphere of 12 Å radius was centered in the binding site for searching.
The experimental data obtained previously indicated that all active compounds are competitive inhibitors; therefore, the active site was chosen as the binding site. Protonation states and assignments of the charges on each protein were based on standard templates of the Molegro Virtual Docker program, and no other charges were necessary to set. Different orientations of the ligands were searched and ranked based on their energy scores. The RMSD threshold for multiple cluster poses was set to <1.00 Å. The docking algorithm was set to 5000 maximum iterations with a simplex evolution population size of 100 and a minimum of 50 runs for each ligand.
The co-crystallized ligand (acarbose) was also included in the analysis to evaluate the efficacy of the procedure used for finding low energy solutions. The top-ranking score was acquired, and the RMSD of that pose from the corresponding crystal coordinates was calculated. The result of the RMSD obtained was lower than 2Å, which indicates that the methodology used in the molecular docking simulation was adequate.
